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By Ross B. Robinson 


SUMMARY 


Results are presented of a wind-tunnel investigation to determine 
the effects of various free-flight rocket-model booster-adapter config- 
urations on the aerodynamic characteristics in pitch and sideslip of a 
swept-wing, fighter airplane model for a Mach number of 2,01. The model 
alone and in the presence of various booster-adapter configurations was 
tested throu^ an angle -of -at tack range from -2° to 11° and through a 
sideslip range from 0° to 13°. Normal- force, lateral-force, pitching- 
moment, and yawing-moment coefficients of the airplane model were meas- 
ured, and schlleren photographs of the various configurations were 
obtained. 

The results of this investigation indicate that the revised adapter 
configuration should substantially reduce the pitching moment of the 
model at separation provided the drag flap on the booster is moved 
rearward. 

The model alone has adequate longitudinal and directional stability 
and should trim at a small positive angle of attack with zero incidence 
of the horizontal tail. 


INTRODUCTION 


One of the problems in the development of rocket-boosted free-flight 
test vehicles is to minimize the interference effects of the booster 
adapter on the model. The problem is complicated by mechanical require- 
ments, which often necessitate the use of asymmetric or bluff adapter 
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configurations. There is an analogous problem in the design of sting 
supports for certain supersonic wind-tunnel models where the shape of 
the afterbody, tail configuration, or structural details may necessitate 
the use of a rather bluff or asymmetrical sting support which may lead 
to undesirable effects. 

Inasmuch as it is difficult to predict the magnitude of these inter- 
ference effects, reliance must be placed on limited experiments and 
experience. This report presents the results of a wlnd-tixnnel investi- 
gation of the booster-adapter interference problems of a specific free- 
flight rocket-model configiaration. Because of the limited available 
aerodynamic data on this type of problem, the results of this investiga- 
tion are published in the general interest to indicate the nature of the 
problem and the relative magnitude of the interference effects. The model 
involved is a swept-wing fighter-type aircraft configuration similar to 
a model which the Pilotless Aircraft Research Division of the Langley 
Laboratory used in a free-fli^t investigation to determine aerodynamic 
characteristics of the aircraft at transonic and supersonic speeds. A 
photograph of the model with booster is shown on the launching ramp in 
figure 1. The first attempt by the langley Pilotless Aircraft Research 
Division to rocket-boost a free-flight model of this airplane was 
unsuccessful in that the model failed to follow the desired flight path 
after separation from the booster. Examination of the resulting telem- 
eter records showed that the model pitched down severely immediately 
after separation. Analysis of the model-adapter-booster configuration 
Indicated the possibility that the shape of the adapter might have a 
large effect on the flow over the horizontal tail. Accordingly, a 
revised booster adapter was designed. 

The present tunnel Investigation was then made in the langley 4- by 
4-foot supersonic pressure tunnel to determine the effects of the orig- 
inal and revised booster-adapter configurations on the aerodynamic 
characteristics of the model at a Mach number of 2.01. Force and moment 
data and schlieren photographs were obtained for the model in the presence 
of the booster adapter and for the model alone through an angle -of -attack 
range from about -2° to about 11° and through an angle-of -sides lip range 
from 0° to about 13° • After the wind-tunnel tests, a flight of the model 
with the revised booster configuration was made by the langley Pilotless 
Aircraft Research Division and the flight was successful. 


COEFFICIENTS AND SYMBOLS 


The results of this investigation are presented as standard NACA 
coefficients of forces and moments. The data are referred to the body- 
axes system with the reference center of moments at 42 percent of the 
wing mean geometric chord and 25 percent of the mean geometric chord 
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above the horizontal reference line through the fuselage nose. The 
coefficients and symbols are defined as follows: 


Cu 

Cy 

Cm 

Cn 

AC 


N 

ACjj 

(^Cn)t 


normal-force coefficient. Normal force 

qS 

lateral-force coefficient, lateral , force 

qS 

pitching-moment coefficient, Pitching^moment 

qSc 

yawing-moment coefficient, 

qSb 

incremental normal-force coefficient due to addition of 
adapter 

incremental pitching-moment coefficient due to addition 
of adapter 

incremental lateral-force coefficient due to addition 
of horizontal and vertical tails 

incremental yawing-moment coefficient due to addition 
of horizontal and vertical tails 


q 

S 


free-stream dynamic pressure 

area of theoretical wing, including body intercept 
(see fig. 2) 


wing span 


c 


c 


a 

P 


it 


local wing chord 

pb/2 

wing geometric chord, — / c^ dy 

S Jq 

angle of attack of wing, deg 

angle of sideslip of fuselage reference line, deg 
angle of incidence of horizontal tail, deg 
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MODEL AND APPARATUS 


A three-view drawing of the mod.el is presented in figure 2. Details 
of the original and revised booster adapters and a sketch of the various 
model-booster-adapter combinations are shown in figure 5- Photographs 
of the various configurations are shown in fig\are h. Geometric charac- 
teristics of the model are presented in table I. 

The model had a wing with 55° sweep of the 29-88 percent chord line, 
an aspect ratio of U. 50 , a taper ratio of 0 . 28 , and NACA 65 AOO 7 and 
NACA 65 AOO 6 airfoil sections at the root and tip, respectively. The wing 
had zero twist and dihedral and 1° incidence with respect to the fuselaige 
reference line. The horizontal- and vertical- tail assembly was removable 
as a unit for investigation of the wing-body combination. There were no 
movable control surfaces; the horizontal tail was fixed at 0° deflection. 

Three configiurations of adapters were investigated (see figs. 5 a-nd 
4): ( 1 ) the original design, (2) a revised version designed to reduce 

the negative pitching-moment increment induced by the adapter, and ( 5 ) 
the revised adapter with a drag flap opened 6o° to facilitate booster 
breakaway . 

Force and moment measurements for the airplane only were made in 
the presence of the booster -adapter combination by means of a four- 
component strain-gage balance. Drag and rolling-moment coefficients 
were not measured. The booster and adapter contained no instrumenta- 
tion. Schlieren photographs of all configurations were made. The 
model, booster, adapters, balance, and sting were supplied by the 
contractor. 


TEST CONDITIONS 


The conditions for the tests were as follows: 


Mach number 2.01 

Reynolds number, based on 0.55 x I 06 

Stagnation pressure, Ib/sq in. abs 15 

Stagnation temperature, °F 100 

Stagnation dewpoint, °F -25 

Mach number variation 10.015 


Flow-angle variation in horizontal or vertical plane, deg . . . ±0.1 
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CORRECTIONS AND ACCURACY 


The angles of attack and sideslip were corrected for the deflection 
of the halance and sting under load. No corrections were applied to the 
data to account for the tionnel-flow variations. 

The estimated errors in the data are as follows: 


% • • 
Cy . . 

Cjji . . 

Cn . • 

a, deg 
3^ deg 


±0.005 

±0.005 

+ 0.002 

+0.0005 

+ 0.1 

+ 0.1 


RESUITS AND DISCUSSION 


The aerodynamic characteristics in pitch and in sideslip for the 
various configurations are presented in figures 5 to 11 and schlleren 
photographs are presented in figure 12 . 


Effects of Adapter Shape 

At small angles of attack the revised adapter induced about half 
as much incremental pitching-moment coefficient as did the original 
configuration (figs. 5 and j) . As a result, the model should have only 
a small initial pitching moment if separation from the adapter-booster 
combination occurs at an angle of attack near 0 °. However, with the 
drag flap on the revised adapter open, the model would have a large 
negative pitching moment. Hence, consideration should be given to 
moving the drag flap rearward. A con5)arison of the con5)lete-model 
results (figs. 5 and 7) with those for the model with the tail removed 
(figs. 6 and 7) indicates that the incremental pitching moments and 
normal forces caused by the adapters resiolt primarily from the effects 
of altered flow over the horizontal tail rather than from flow changes 
on the wing-body combination. An indication of the extent of the flow 
changes over the rear of the model produced by the adapters may be 
obtained by comparing schlieren photographs of the model alone (fig. 12(a) 
and fig. 12(b)) with those of the model with the various adapter config- 
urations (figs. 12(c), 12(d), and 12 (e)). The flow over the entire tail 
assembly is altered when the flap is extended. 
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AlthoiogL the effects of the revised adapter on the aerodynamic 
characteristics of the model are erratic, a substantial reduction in 
the directional stability of the airplane is indicated for both the 
flap-retracted and flap-extended configurations (fig. 8) . Both adapters 
produce areas of disturbed flow in the region of the vertical tail 
(figs. 12(d) and 12(e)). If booster separation occurs near zero side- 
slip, the model should have no significant initial yawing moment. 

A subsequent launching by the Isngley Pilotless Aircraft Research 
Division of a free-flight model of the configuration equipped with the 
revised booster adapter and a more rearward drag flap essentially 
verifies the wind-tunnel results in that the model was successfully 
separated from the booster. 


Aerodynamic Characteristics of the Model Alone 

The results for the model alone indicate adequate longitudinal 
stability for a center-of -gravity location at percent of the mean 
geometric chord and 25 percent of the mean geometric chord above the 
horizontal reference line (fig. 9 ) • A trim angle of attack of about 
5,4° is indicated for it = 0° (fig. 9) with a resulting Cij of 
about 0 . 19 . 

The wing-body combination was, of course, directionally unstable 
(fig. 10), but the addition of the tail provides a large stabilizing 
yawing moment (figs. 10 and ll) ) as a result, the complete model at 
a = -2.2° has ample directional stability. From the magnitude of the 
directional stability, it mi^t be expected that the airplane would 
have adequate stability to moderate positive angle of attack notwith- 
standing the reaivard location of the center of gravity . 


CONCLUDING REMARKS 


The results of this investigation indicate that the revised adapter 
configuration should substantially reduce the pitching moment of the 
model at separation provided the drag flap on the booster is moved 
rearward , 
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The model alone has adequate longitudinal and directional stability 
and should trim at a small positive angle of attack with zero incidence 
of the horizontal tail. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., January I 7 , 1955 . 
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TABLE I.- DIMENSIONS OF MODEL 


Wing: 

Root airfoil section NACA 65 AOO 7 

Tip airfoil section NACA 65 AOO 6 

Total area (theoretical), sq ft 0.1155 

Span, in 8-572 

Mean geometric chord, in 2.107 

Root chord, in 2.970 

Tip chord, in 0.8^5 

Taper ratio, in 0. 284- 

Aspect ratio 4.50 

Sweep, 0.2988 chord line, deg 55 


Incidence at fuselage center line, deg 1 

Dihedral, deg 0 

Geometric twist, deg 0 

Length of fence, in I.I 8 

Spanwise location of fence, in 2.91 

Horizontal Tail: 

Root airfoil section normal to 0.295 chord . 

Tip airfoil section normal to 0.295 chord . 

Area including fuselage, sq ft 

Span, in 

Mean geometric chord, in 

Root chord, parallel to plane of symmetry, in 

Tip chord, in. 

Taper ratio 

Aspect ratio 

Sweep of 0.2954 chord, deg 

Dihedral, deg 

Vertical Tail: 

Airfoil section parallel to fuselage center line .... NACA 65 AOO 7 


Area (theoretical), sq ft O.O 5 II 8 

Span, in I .980 

Root chord, in 5-240 

Tip chord, in I .296 

Sweep of 0.25 chord, deg 45 

Tdper ratio 0.40 

Aspect ratio 0.875 


NACA 65 AOO 7 
NACA 65 AOO 7 
. . 0.0245 

. . 5-40 

. . 1.078 
. . 1.415 

. . 0.648 

. . 0.458 

- - 5-5 

- - 55 

. . 10 


Fuselage : 

Length, in 

Maximum fuselage depth, in 
Lsngth/depth ratio . . . . 


14.47 

1.45 

10.11 
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L-83989 

Figiire 1. - Langley Pilotless Aircraft Research Division free-fli^t model 
with original booster-adapter config\iration. 
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Figure 2 


Three-view drawing of model. All dimensions are in inches. 
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(a) Original configuration. 

Figure Booster-adapter configurations. All dimensions are in inches 

unless otherwise noted. 
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(l) Revised configuration and flap. 


Figure Continued. 
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(c) Composite of various configurations. 




Figure 5*- Concluded. 
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Figure 4.- Photographs of the various configurations. 
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(b) Complete model; original adapter. 
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(c) Complete model; revised adapter. 
Figure ij-. - Continued. 


L-86127 
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L-86126 

(d) Complete model; revised adapter with drag flap extended. 

Figure 4 .- Concluded. 
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Figure 5.- Effects of various adapters on the aerodynamic characteristics 
in pitch of the complete model. 3 = 0.3°* 
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Figure 5* - Concluded. 
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Figure 6.- Effects of original adapter on the aerodynamic characteristics 
in pitch of the wing-fuselage combination, p = 0.5°- 
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a, deg 


Figure 7 .- Incremental normal-force and pitching-moment coefficients due 
to the various adapter configurations, p = 0 . 3 °. 
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Figure 8.- Effects of the revised adapter, with and without flaps, on 
the aerodynamic characteristics in sideslip of the complete model, 
a = -2.2°. 
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Figure 9* - Effect of horizonte.1 and vertical tails on the aerodynamic 
characteristics in pitch, p = 0-5°; i-^ = 0°; booster adapter off. 
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Figure 10.- Effect of horizontal and vertical tails on the aerodynamic 
characteristics in sideslip, a = -2.2°; booster adapter off. 
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Figure 11.- Incremental lateral-force and yawing-moment coefficients due 
to the horizontal and vertical tails, a = -2.2^; booster adapter off. 
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a = 0°; 3 = 0.3° 



a « 11°; p = 0.5° 

(a) Complete model; no adapter. L- 8756 I 

Figure 12.- Schlieren photographs of the various configurations. 
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a = -2.2°; p = 2°, 

(b) Complete model; no adapter. L-875^2 

Figure 12. - Continued. 
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a = 0°; p = 0.5° 


(c) Complete model; original adapter. L -87565 

Figure 12.- Continued. 
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a = 0°; p = 0.5° 



a = -2.20; j3 = 2° 


(d) Complete model, revised adapter. 
Ylgare 12.- Continued. 
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a = 0°; p = 0.3° 



a = -2.2°; 3 = 2°f 


(e) Complete model; revised adapter with. flap. 


L-87565 


FigTxre 12.- Continued. 
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a = 0°; e = 0.5° 

(f) Tails off; no adapter. L -87566 

Figuire 12.- Continued. 
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(g) Tails off; original adapter. L -87567 
Figure 12.- Concluded. 
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